In case of mathematical programming problems with conflicting criteria, the Pareto set is a useful tool for a decision maker. Based on the geometric properties of the Pareto set for a bicriteria linear programming problem, we present a simple and fast method to compute this set in the criterion space using only an elementary linear program solver. We illustrate the method by solving the pig diet formulation problem which takes into account not only the cost of the diet but also nitrogen or phosphorus excretions.
Introduction
Animal diet formulation is a very important problem from an economic and environmental point of view, so it is an interesting example in operations research. Many modern animal diet formulation methods tend to take into account nitrogen and phosphorus excretions that are detrimental from an environmental point of view. Following [1] , it is appropriate to apply a tax on excretions so as to change the behavior of the producers in the swine industry.
These changes in behavior are studied using a formulation of the problem as a 
Weak Efficiency Set
We will call weak efficiency set, or weak Pareto set, the set defined by 
Link to Parametric Analysis
The parametric analysis is based on the weighted-sum given by
µ ∈ +∞ , and the value function in this case is defined by 
In many applications, the parameter µ is in fact a tax over the the second criteria (for a minimization problem). Interesting enough is to observe that the behavior change (extreme point) only for the critical values 
Computation of the Pareto Set

Preliminaries
Let us associate to any ( ) 
, and consider the following two lines
, the point of intersection of 
Algorithm
In this section we consider both criteria upper bounded on  . In the forthcoming algorithm we initialize the process with the two points 0 Q and
 . Then we gradually obtain a sequence of points { } 0
a sequence of intervals associated to these points
At the end of the process I L = and we have l  .
(E) Set : 1 I = .
STEP 1. As long that there exists an index i such that
such index i and do: 
We modify as follow: a) for
( )
In the sequel no more point will be generated on [ ]
II) Point insertion and interval modification. If ,
,
Q′ , as long as the ( )
's are well determined (see Theorem 4.7). At the end of the algorithm the two approximations agree.
Complexity
In this section we are going to determine the maximum number of calls to a linear program solver to completely determine the Pareto set, or equivalently its 1
The result is given in the last theorem of this section and says that it takes at most 2 3 L + calls to a linear program solver to generates the 1
We will use the following ordering on [ ]
Otherwise, it is generated through STEP 1-C-II, with
Then this point is included in the list, and there are three cases to study: 
and we have ( ) 
Otherwise the two points are the extreme points . As in the preceding paragraph, we will introduce it in the list, and depending of the case, by passing through STEP 1-C-II, 
A Real World Application: Pig Diet Formulation
To illustrate our method of computation of the Pareto set we consider the pig diet formulation problem taking into account not only the cost of the diet but also environmental considerations, such as the reduction of nitrogen or phosphorus excretions. One way to analyze this problem is to rewrite the problem as bicriteria problem. Hence the Pareto set indicates the effect of the reduction of excretions, nitrogen or phosphorus, on the cost of the diet. This information is certainly useful for a decision maker which have to choose a diet which decrease the excretions without being too expensive [1] . Even if in thispaper we describe the problem for the swine industry, the method could be applied to any monogastric animal: pig, rabbit, chicken, etc.
Classical Model
The least cost diet problem, introduced in [18] , is a classical linear programming problem [19] 
The constraints impose some bounds on the quantity of the different ingredients in the diet. For example a unit of feed is produced (a 1 kg mix) , expressed by the constraint 
Modelling of Nitrogen and Phosphorus Excretions
Nitrogen and phosphorus excretions are directly related to the excess of amounts of protein (amino acids) and phosphorus in the diet. Hence, we have to establish the protein and the phosphorus contents of the diet and take into account the parts that are actually assimilated.
The protein content of a diet 
Data
The ingredients and their corresponding variables are described in Table 1 . 
Software
The algorithm was programmed in MATLAB, which includes in its standard library the linear program solver called Linprog. This software can use the simplex method or an interior point method.
Two Criteria Models and Results
At first we analyse the relation between the cost of the diet and the two different excretions (nitrogen and phosphorus). As a curiosity, we also consider the interactions between the two kind of excretions: nitrogen and phosphorus. Table 3 presents the set of efficient extreme points of the Pareto set in the criterion space, and the Pareto curve is sketched in Figure 1 . For this problem, the algorithm detects 10 L = segments and 11 efficient extreme points Table 4 . Efficient extreme points in the criterion space Table 5 presents the set of efficient extreme points of the Pareto set in the criteria space. Its corresponding Pareto curve is sketched in Figure 3 . This table
shows the opposite effect of trying to reduce simultaneously both excretions.
Minimizing one excretion leads to an increse in the other excretion. For this problem, the algorithm detects 5 L = segments and 6 extreme points. A total of 12 calls to the linear program solver was required (the predicted maximum is 2 3 13 L + = ).
For each 0, ,5 l =  , the value function is 
